Wastewater has been recognized as a resource due to its large quantities, and it contains many valuable resources that can be converted into valuable material. Reusing or recovering resources from wastewater can reduce the environmental footprint of wastewater treatment, minimize the contamination and ensure the availability of valuable resources for the human being. The ultimate aim of wastewater resource recovery (WRR) is to create a sustainable and resilient community which is very relevant in Indonesia as this country experiences many natural or human-made disaster. To have an effective implementation, therefore, it is crucial to identify the barriers or supporting factors in its implementation of Wastewater Resource Recovery, which can be different for many regions. Through extensive literature studies, this study intends to review the possibility of WRR implementation in Indonesia. This study discusses Indonesia policy/regulation about wastewater management across all-region in Indonesia, identify barriers in WRR, compares global trends of wastewater management to Indonesia practice and list wastewater resources that potentially can be recovered in Indonesia. From the review, barriers of WRR implementation in Indonesia is most probably due to the policy and regulation of wastewater management which many of them did not support the option of WRR, instead of suggesting only safe discharge option. However, some regulations have mentioned the utilization of wastewater by-product, but it is limited only to treated water utilization. Other obstacles are social acceptance and distance between recovered material supply and demand. Social acceptance includes the human perception regarding the health risk associated with wastewater by-product. Religion also could be a potential barrier that needs to be handled in the implementation of WRR. This study could give new insight into the current state of wastewater resource recovery initiative in Indonesia; thus the strategy to overcome the barriers could be designed.
INTRODUCTION
Indonesia is facing challenges due to its population growth which leads to finite natural resources. Population in Indonesia reached 280 million in 2017, with a population growth rate of 2% per year. It is estimated that two-thirds of the population in Indonesia will live in urban areas (BPS, 2013) . High population growth and dense area put pressure on food security and any other resources used for sustaining human life.
Moreover, high and dense population causes environmental issues owing to the high discharge of treated and untreated wastewater (Gerbens-Leenes, Nonhebel and Krol, 2010; Thornton, 2010; Cordell et al., 2011) . Environmental degradation caused by untreated sewage has been increasing, although some reports may indicate stabilisation or even small improvements in only specific locations. According to the Ministry of untreated, but it should be managed to gain its potential resources recovery and reusability (Kerstens et al., 2011; Braungart, McDonough and Bollinger, 2007; McDonough, 2000) .
Wastewater resource recovery (WRR) is a concept of considering wastewater as a valuable resource since it contains many resources like organic matter, phosphorus, heavy metal, thermal energy that can be used as a source of many useful materials needed by humankind. Application of the resource recovery concepts in the planning stage introduces the circular resource management and circular economy which closes the cycle of waste and generates income for those involves in the recovery process (Agudelo-Vera et al., 2011) and circular economy which. sanitation approach should consider both 'front-end' and 'back-end' user. Front-end user refers to the provision of sanitation system while back-end user is a user who demands a sanitation product for assuring the long term operational and financial sustainability (Murray and Ray, 2010) . The target of universal access to the sanitation facilities set by Sustainable Development Goals (SDGs) has urged the Government of Indonesia to provide wastewater treatment facilities massively. The concept of back-end user and circular resource management should be incorporated in the planning policy of wastewater management in Indonesia to encourage and assure many stakeholders understand and implement the concept in the future. Indeed, the Government of Indonesia has set a wastewater and solid waste plan for 2015-2019, however, it mainly covers solid waste management while wastewater management that includes its reuse/recovery potential is not clear (Bappenas, 2014) . This study presents a brief overview related to some aspects that could be barrier or supporting factors in the implementation of wastewater resource recovery (WRR) in municipal or domestic wastewater. This study provides new insights into the current state of resource recovery initiative in Indonesia and how the country can cope with the global trend of resource recovery.
Through extensive literature studies, this study intends to review the current condition of wastewater management in Indonesia and to look into wastewater management policies and regulations across all-region in Indonesia. Data presented in this paper were obtained from several sanitation reports in Indonesia and research article papers. The number of literature collected in this study consist of regulation and standard document, sanitation reports, research and review articles. Few works of literature discussed specifically the potential of WRR application in Indonesia but limited to certain regions. The other research or review articles described the application of WRR in another country which can be used for a benchmarking for this study. Further, this study describes some potential resources that have been studied worldwide and potentially implemented in Indonesia. Some global trends of wastewater management were discussed as a benchmark for wastewater management in Indonesia.
DOMESTIC WASTEWATER MANAGEMENT
Water quality trends of rivers in Indonesia have been showing a steady decline in the past decade. According to data from the research conducted in 6 major rivers in Java, Sumatra, and Kalimantan, the largest sources of pollution came from nonpoint source pollutants, of which 55% of the pollutant originated from domestic sectors. Domestic wastewater is the most critical source of contamination of the surface water in the country (The World Bank; Australian Aid, 2013; Wahyu Wijaya, 2018; ADB, 2017; Yudo and Said, 2017) . In the urban areas (110 million people), about 1% of the wastewater is safely collected and treated, and about 4% of the sewage is safely collected and safely disposed or treated. In rural areas (130 million people), wastewater is neither collected nor treated in 2016 (ADB, 2017) . According to the study of the Ministry of Public Work and Housing, the pollution of surface water causes a significant increase in biochemical oxygen demand (BOD). Such an increase corresponds to an additional cost of water production of Rp. 9.17/m 3 treated water for every 1 mg/L BOD increment. It is reported that the customers need to pay 25% extra for water supply provision (Ministrial Regulation No. 18/2007 Aid, 2013) , which results in public health decline. World Bank's Water and Sanitation Program (WSP) estimates that Indonesia lost USD 6.6 billion in 2007 due to poor sanitation and this is equivalent to 2.4% of the gross domestic product (GDP) of the country (The World Bank; Australian Aid, 2013). Water-borne diseases cause 50,000 premature deaths and 120 million cases of the disease annually. Indonesia has the highest incidence of typhus in Asia, and around 70% of children have worms in their digestive system (AECOM International Development and Sandec, 2010) .
The data collected in a study conducted by AusAid showed that two-thirds of the urban population in Indonesia acquire on-site wastewater treatment; however, one-sixth of on-site wastewater treatment types is borehole pit latrine with the unconfined and unsealed base layer (The World Bank; Australian Aid, 2013). Based on a survey of the existing and functioning septic tanks in households, many respondents stated that the septic tanks were never drained and have been in operation for more than five years. This implies that the septic tanks might leak and operate as borehole latrines instead (Afandi and Sunoko, 2013) . In addition, 40% of the on-site wastewater treatment facilities are located less than 10 meters from community wells which serve as the primary water source for the neighbourhood (Bons et al., 2016) . On-site wastewater treatment by using pit latrine causes direct seepage into the ground and, thus, potentially contributes to groundwater pollution. A study conducted by Worldbank & Australian Aid (2013) found that 70% source of groundwater is contaminated by domestic on-site treatment. The main approach of municipal wastewater treatment has been 'discharge' oriented to waterbodies without considering any reuse/recycle concept (Ministrial Regulation According to a study by Yudo & Said (2017) , Wijaya (2018) and AECOM International Development & Sandec (2010) , the challenges in the sanitation sector in Indonesia are amplified by a low public awareness and participation; lack of laws, regulations, standards, standardised operating manuals, and enforcement of existing policies in Indonesia related to the waste management; the absence of framework and tools to help decision-makers determine their decisions effectively, efficiently and on target; there are gaps in regulations and laws that are not synchronous between regulators and wastewater management operators; low funding for the construction of sanitation infrastructures, unclear tariffs for wastewater management, lack of interest from the private sectors to invest in the field of wastewater management, and low priority on domestic wastewater management.
Indonesian Government allocated an annual budget of around USD 31.1 billion for sanitation and hygiene sector in 2015, and it has been increasing owing to the Government target to reach Goal 6 of the SDGs about the provision and the improvement of sanitation and drinking water facilities. In achieving the SDGs target, every country, including Indonesia is expected to realise 100% access to sanitation for its population in 2030 (Irge, 2017). Investment needs for the sanitation universal access are estimated to reach 237.7 trillion, of which 202.4 trillion is allocated for investment in the field of wastewater management (PPSP, 2019).
Government of Indonesia has formulated an approach for domestic wastewater management. The approach classifies wastewater management into three schemes. Each scheme covers the different scale of management handled by different stakeholders (Figure 1 ). On-site and decentralised management is conducted at individual and neighbourhood level, while centralised management is meant for citywidescale. The selection of management approach depends on the population density and socioeconomic condition (Wahanudin and Ph, 2014) . For the area with low population density (rural) and low socio-economic condition, the individual and communal treatment become a choice. In a case, there is an increase in population density, the choice of wastewater management shifts towards decentralisation. For densely populated urban areas that exert an excellent socioeconomic condition, centralised management is viewed as the best choice according to government policies (Massoud, Tarhini and Nasr, 2009; Libralato, Volpi Ghirardini and Avezzù, 2012; Jung, Narayanan and Cheng, 2018) . However, there is no governmental document that specifies the range of density and socio-economic conditions as a benchmark in determining the type of wastewater management suitable for a region. The next chapter discusses the regulation of wastewater management in Indonesia. Table 1 presents a review of wastewater management regulations in some regions in Indonesia. The existing regulations and policies are reviewed according to their content and any articles discussing resource recovery. The existence of the regulations that support the adoption of wastewater resource recovery will foster the implementation as well as assure the safety of the sanitation products to be publicly used. In this regulation, there is a view that allows the direct discharge of the wastewater to drained pit and irrigation channel. On the contrary, the global trend leans toward separation between runoff and wastewater (sanitary sewer) instead. The determination of wastewater discharge fee is based on the wastewater volume and the quality index of the water body as well as the type of wastewater (municipal, commercial or industrial wastewater), and mainly focus on industrial wastewater.
WASTEWATER MANAGEMENT REGULATION AND POLICY RELATED TO WASTEWATER REUSE

Local Regulation no 14/2006 about the Tipping Fee of the wastewater treatment plant in Balikpapan City
Tariff for wastewater management is classified into several groups. The lowest fee applies to domestic and social groups that entail payment of Rp. 3,000,-/month, and the highest cost belongs to hotels, restaurants/industries, which demands a payment of 30,000,-/month. The wastewater treatment fee does not consider the volume of wastewater.
Local regulation No 8/2018 about wastewater management in Depok
The objective of this regulation is to control the wastewater discharge and its quality, and none of the articles discusses the opportunity of resource recovery. Regulation of The Governor of Special Regional Province Jakarta Capital Number 122 of 2005
The purpose of this regulation is more emphasized to the management of domestic wastewater to prevent and overcome soil and groundwater pollution from domestic sewage disposal that does not meet Wastewater Quality Standards. However, no article discusses the concept of WRR.
Regional Regulation of Bandung Regency Number 4 of 2013 about Domestic Wastewater Management
This regulation aims to control domestic wastewater discharge safely to the environment and to treat domestic wastewater as a resource. However, there is no discussion in the following articles related to the utilization of treated wastewater products.
Local regulation No. 07/2007 about Permit of wastewater discharge in the City of Bekasi
Discharge fee is calculated based on the wastewater volume, pollution load, and the cost of environmental quality management, location index and nuisance index. The basic fare is Rp. 150 /m 3 . This fee is low and potentially triggers people to choose discharge over recovery of their wastewater. The purpose of this regulation is only to regulate the results of wastewater treatment for safe disposal to the environment. There is no discussion related to the reuse of processed wastewater products. However, Article 7 regarding the management of wastewater mentions about the utilisation of the recovered product. Nonetheless, it is unclear which resource recovery technique is referred to in this article.
Arguably, domestic wastewater management regulations in Indonesia still emphasise on safe disposal of the treated wastewater. The criteria of safe disposal refer to the quality of wastewater discharge that should be under the threshold concentrations dictated by the national/provincial/local government. The concept of utilising treated wastewater products has been mentioned in the Minister of Public Works regulation and some provincial and City / Regency/ regional regulations. Yet, the technical and financial aspects related to the planning and implementation of wastewater recycling are not explained in detail. The application of the concept of wastewater resource recovery will be difficult without a strict regulation governing the reuse of resources from wastewater and sewage sludge.
In several developed countries, novel forms of existing resources are now abstracted from wastewater (Van Der Hoek, De Fooij and Struker, 2016; Puyol et al., 2017; Dolnicar, Hurlimann and Grün, 2011) . Several resources can be extracted based on the dominant resource in wastewater characteristics and the demand for the waste product. Table 2 list the wastewater resources that can be extracted from wastewater. It is essential to understand the value of the recovered products compared to their quantity in wastewater to determine the most potential resources to be recovered. Figure 2 depicts various products that are ranked according to their value. Although produced in small daily amounts, human excreta contain high amounts of nutrients which can be recovered as valuable resources for agriculture. By using a urine diversion toilet, urine and fecal matter were collected and treated separately in a pilot-plant scale in Surabaya, Indonesia. A study conducted by Malisie et al (2007) in Surabaya, describes the potential of nutrient recovery from human excreta. It was found that using diverting toilet, up to 86% nitrogen, 21% phosphorus, and 69% potassium can be recovered from Urine and 12% nitrogen, 68% phosphorus and 20% potassium can be recovered from fecal matter. In addition, Study from Kerstens et al., (2016b) estimates that recoverable products can cover the forecasted demand in 2035 of phosphorus (15%), compost (35%), duckweed (7%), plastic (66%) and paper (18%). While the disadvantage of the recovered product was highlighted by the study (Kerstens et al., 2016b) in which the Total Lifecycle Cost of recovered product is considered to be still expensive. According to a study by Kerstens et al (2015a) , a 4 fold increase in the recovered resource selling price will increase 1.3 times higher TLC. The problem of low skill labour to operate and maintain the facility of wastewater system including the treatment and recovery plant was also a barrier in the application of WRR.
According to the study conducted by Kerstens et al. (2016) , the demand for the fertiliser for food crops, plantation and horticulture in Indonesia is high, and the supply is much lesser than the demand. In total for three sectors of agriculture (food crops, plantation and horticulture), the demand for nitrogen is 1,459 kt/year; phosphorus is 295 kt/year, potassium is 905 kt/year, and compost is 27,984 kt/year. Knowing the demand and supply of recoverable resources may create an awareness of the availability and sustainability of the resources. Wastewater and sewage sludge are potential sources of these materials. Ignoring the resources in wastewater and sewage sludge may jeopardise the security of food supply (Kerstens, Leusbrock and Zeeman, 2015b) . However, the biggest challenge in the implementation of wastewater resources recovery in Indonesia includes social acceptability of the waste product, particularly issues pertaining to health and distance between supply and demand location (Agudelo-Vera et al., 2011).
The issues of acceptability of the waste product used arise not only in Indonesia but are also experienced by some other countries. The reason behind the refusal of waste products is circling around the hygienisation process of sanitation by-products and, in some countries, religion is also one of the barriers for the implementation of wastewater resource recovery (Adewumi, Ilemobade and Van Zyl, 2010; Garcia and Pargament, 2015; Haider et al., 2018; Guest et al., 2009; Dolnicar, Hurlimann and Grün, 2011) . Proximity issues between supply and demand emerge in Indonesia owing to its geographical conditions as an archipelago and lead to imbalanced supply and demand (Kerstens et al., 2016a) . The concept of the circular economy should greatly benefit from the proximity between the supply and demand location (Kerstens, Leusbrock and Zeeman, 2015b) . Many agriculture lands in Indonesia in need of a supply of N, P, K and compost are located far away from the location of supply. Take phosphorus as an example. Phosphorus can be recovered as struvite, slow phosphorus releasing fertiliser. Domestic wastewater and sludge sewage contain a high amount of phosphorus (Tansel, Lunn and Monje, 2018; Zhou et al., 2017; Kataki et al., 2016) . The demand for phosphorus is high in Sumatra, followed by Java and Kalimantan (Kerstens et al., 2016a) . However, only 27% of the total population of Indonesia live in Sumatra (BPS, 2013); hence, the recovery potential of phosphorus is not that high in Sumatra. Urbanized area is a potential area for phosphorus supply; however, it does not have space to develop agriculture area. Java island is an island with high population density with a lesser area for agriculture; therefore, discharge of treated wastewater along with the resources contained into the environment is a common practice for wastewater treatment plants in Java. Thus, the strategy to close the gap between supply and demand of resources recovered from wastewater must be developed to assure the effectiveness of wastewater resource recovery implementation.
GLOBAL TREND OF DOMESTIC WASTEWATER MANAGEMENT
Several new global wastewater management trends implemented worldwide have not found ground in Indonesia. Wastewater management that focuses on resource recovery is mainly developed in decentralised systems (Massoud, Tarhini and Nasr, 2009; Libralato, Volpi Ghirardini and Avezzù, 2012) . Decentralised systems will reduce the cost of sewage transport thanks to the close vicinity to the potential users of the sanitation products. A total of approximately 1700 decentralised wastewater treatment systems have been constructed until 2015. In 2016, new wastewater plants were built at 753 locations spread across various provinces in Indonesia through the SANIMAS (Community-Based Sanitation Project) (Eales et al., 2013) .
The use of decentralised and satellite systems will allow treated wastewater reuse, making them a stable and sustainable water source, especially for those areas that historically suffer or have recently been suffering from water scarcity (Libralato, Volpi Ghirardini and Avezzù, 2012) . At present, the centralised wastewater management systems are located in only 12 cities with low service coverage (±15%) (Eales et al., 2013) . Decentralised treatment is principally defined by the fact that raw wastewater is treated next to the source (Wilderer and Schreff, 2000) . The wastewater collection system is still required, but the use of large and long pipes can be avoided, as well as the related excavation works to create a more or less composite collection system network (Libralato, Volpi Ghirardini and Avezzù, 2012) . Some criticisms have highlighted the existing regulations, which are generally lacking to accommodate the decentralisation processes. The lack of regulation affects decentralised system management that includes its daily operation and maintenance. Further, some literature stated the performance of decentralised systems does not always reach very high-quality standards owing to the lack of maintenance (Mitchell et al., 2008) .
Related to the basic consideration of wastewater treatment design, organic removal is a likely design indicator while pathogenic content is mostly forgotten. The treatment plant should not only focus on the removal of organic, but it should incorporate a treatment system that minds about the pathogenic content in the wastewater (Mitchell and Ross, 2016) . Thus, the design criteria should accommodate those pathogenic indicators. Pathogenic content in the wastewater could cause detrimental effects of the sanitation products following their use. One of the biggest challenges in implementing wastewater resource recovery is the acceptability of sanitation product due to the health risk of pathogen infection (Smith et al., 2018; Dolnicar, Hurlimann and Grün, 2011; Garcia and Pargament, 2015; Adewumi, Ilemobade and Van Zyl, 2010) . Therefore, treatment systems with pathogenic removal orientation will reduce the health risk of sanitation product.
Many countries have applied a separate sewer system that carries the sewage to the wastewater treatment plant (Libralato, Volpi Ghirardini and Avezzù, 2012) . A separate sewer system minimises the impact of sewer overflow that can pollute the receiving water body. Potential eutrophication phenomena may occur in the receiving water body due to the large volumes of treated wastewater discharged (Wilderer and Schreff, 2000; Libralato, Volpi Ghirardini and Avezzù, 2012) ; in some case of combined sewer flow, diluted wastewater requires more expensive treatment approaches (Libralato, Volpi Ghirardini and Avezzù, 2012; Massoud, Tarhini and Nasr, 2009 ).
The trend of global wastewater management involves the plan for resource recovery of products in any form such as liquid, solid or gas (De Zeeuw, Van Veenhuizen and Dubbeling, 2011; Cordell et al., 2011; Garcia and Pargament, 2015; Guest et al., 2009 ). The concept of wastewater resource recovery offers the formation of sustainable and resilient communities by utilising any resources that can be recovered from wastewater. According to a study by Gerbens-Leenes et al. (2010) , Report & Recovery (2016) and Van Der Hoek et al., (2016) , there are many resources contained in wastewater and each has an economic value (Gerbens-Leenes, Nonhebel and Krol, 2010; Van Der Hoek, De Fooij and Struker, 2016; Report and Recovery, 2016) . If the wastewater management incorporates the wastewater resources recovery concept, participation from the community can be expected since they get the benefits from processing and utilising the resources in water, e.g. water and biogas. From the business point of view, if the mastery of recovery technology has matured, the wastewater can become a source of fertiliser and raw materials for many industries, e.g. paper and pharmaceutical industry. The most significant component of wastewater treatment is a large amount of energy needed to operate a waste treatment plant. If the WRR concept is adopted, wastewater treatment can produce an alternative energy source. In some overseas water treatment, energy production from surplus wastewater can even be used by the surrounding community (Gu et al., 2017) . With the implementation of WRR, the processing costs will be lower, resulting in lower tariffs charged to the community (Garcia and Pargament, 2015; Gu et al., 2017; Guest et al., 2009; Puyol et al., 2017) 
CONCLUSION
Wastewater resource recovery becomes a global trend considering many valuable resources it contains. In Indonesia, the implementation of wastewater resource recovery is constrained by problems with wastewater management. Several issues have been identified in this paper such as low public awareness and participation, lack of laws, regulation and standard, absence of a clear framework to help the decision-makers, gaps in the regulation and implementation, funding issues of the construction, operation and maintenance and low priority on domestic wastewater handling.
Resource recovery from wastewater is not a new case worldwide. Wastewater contains a high load of nitrogen, phosphorus, potassium, among other materials that are essentially the ingredients for fertiliser. Further, its resource can generate various products such as energy, heat and valuable materials like metal, alginic acid and cellulose fibre. However, the implementation of wastewater resource recovery in Indonesia has two significant challenges related to the social acceptability and distance between supply and demand. Indonesia as an archipelago country has a high demand for fertiliser in the area which has less population. Phosphorus, nitrogen and potassium can be extracted from sewage sludge or wastewater; unfortunately, these wastewater and sludge treatment plants are mostly located in the urbanised area. The distance gap between the location of supply and demand creates a barrier to the effective management of wastewater resource recovery.
Moreover, the regulations and policies in Indonesia do not support the implementation of WRR. Some regulations have mentioned the utilisation of sanitation product; however, they do not explain the technical and financial aspect related to WRR. The global trend of wastewater management urging not only treatment of wastewater but also utilisation of the recovered resources is increasingly implemented nowadays. Therefore, all the obstacles for the implementation of WRR in Indonesia should be identified, and the solution for an effective and new wastewater management blueprint must be constructed. According to this study, the most important thing to support the implementation of WRR is to construct a set of regulations promoting WRR, and in parallel, education for the users should be conducted.
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